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MOLECULAR MODELS FCR EXPLOSIVES:
APPLICATIONS TO NTO

James P. Ritchie and Edward M. Kober
Mail Stop B214
Los Alar.os National Laboratory
Los Alamos, New Mexico 87545

We cadeulated structures and --11--Eii_vs_f;r severnl 1somers of 3-nitro-1.2.4-triazol- :
3-one ' NTOL. nsing molecular orbital theury, The TH4H isomer was found to he
lowest in energy. We predict the existence of an addinonal lov-lying form that !

mny either be directly observable or have 1ts exastence infereed in experiments,

We also ealeulated some possible forms of the conjugate base of NTO. Finally, l
we have applied a new method of caleulanon to predier the geometry of the di-

uninoguandinium salt of NT().

INTRODUCTION

Advances i computes techinolegy and computational
algorithms have enabled aceurate moieculnr orbital eal
culations to be performed for molecules the size of some
common HE's These ealenlations provide fundamental
molecular properties and can serve as aonseful ndpner 1o
experitient in trving o anderstamd the beliavior of ex
plasives Our long term goal 1s to deteriune the relation
ships between the fundamental properties of explosives
and their observed behavior  This paper reports some
of our tesules for the explosive 3 mirro 1.2.4 tniazol 5 one
¢ NTOL T Our results demcnstrnte what lesvels of theory
are r-"t|l||rl'u| to ohtiut acev-are ||rf'l||-'||nn-<

Among the properties that ane would like to know
are: molecular structure, ene gy, and spectroseopie con
stants, teactivity, and mtermoleculm iternetions The
molecular structure, energy. and spectroncope constants
are vseful for determunimg the thenmodyname propertes
and rstablishmg the idenary of a proposed componnd o
reactive wnitenmediate These quantinies e hecomimg
"I"Mlllgl_'( nupottaet Ay spectposcopie avestigntions ane
petformed with the itentton of determing decomgon
ot mechwisms i energetic watenids - Thae, cotpin aw
of observed spectin wirth calentated Cpecrra tor <pedtie
species can help toodennfy ceactoe iatermediates Hea
tons el reac vty of explosive e sbvrnag, of gren:
cancern ikew a0t eniedes g et T IR

tant m 'll"l‘llllllllllv‘ N RS PR A I UL § AN

METHODS

Quuntiun mechameal caleulations reported inrthis
paper were performed with the GAUSSIANRD computes
program.’ Standard basis sets were used throughon !

RESULTS

Figure 1 shows the stracture nsually dreawn for NTO
ax [, however, hydrogens on wnide mitrogens ne froquent
Iy rpute labile and mobile. Various tantomers of NTO
thar are difficult to distinguish experunentally from one
another and from NTO may thas be formed by posably
facile renrenngements of hydrogens. Other possible tan
tomers are shown as DIV o Figuee 1 With the wvil
able experimental data, it s ditficult to establish wirh ee
tamty that the explosyve we commonly refer to as N0
has i fuet, stineture 1 Although X ey data hns bern
abtamed® and may strongly support structure 1 the
defintive neatran stinetaee hing not vet heen ohtame|
Comarpiently, ab imno moleenine orbital ealealations
aereformed to deteriine the stpnetures aned elntine
cnengaes of N O and it tantomers

Lable I <hiows the energies ealenlated for T IV w0
vanonn levels of theory mploved  Eaergies ohtamed from
the AN methodY whieh s supeniog to MINDO 3
come ceatds are alsaaneladed for compntaon e

ctcraes ate een to waldly disagiee
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FIGURE I OPTIMIZED GEONMEFVRIES OB TAINED FROM 321G CALCULATIONS
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TABLE I. CALCULATED ENERGIES OF NTO AND ITN
TAUTOMERS F'ROM VARIOUS LFVELS OF THEORY

Method [

MINDO,3 ~-01.4
tkeal)

AM1 43.8
(keal)

J-21G//3-21G -31G6.177%89
iaun)

6-21G*//3-21G  --319.12631

(au)
Dipole (D)

1.25

-516.12835

-519.10179

I 11
s8] "G
522 45 3

8.6 S

-516. 14608

-al0 217

69.9

D16.13727

--519.08916

6.3

Our best ealeulations, at 6-315*//3-21G. indicate
that ©is the correct structure of NTO. II-IV lie somewhat
ligher ' energy. but conceivably could play a role in so-
Intion because they may be energetically accessible. In
addition, 1[IV have a larger dirole moment than does |
ated polar solvents may preferentially seabilize -V due
to ~olvation Jifferences.

A lieat of formation of NTO can be estimated umng
the ealeulated energies nnd atom equivalents of [hrahim
aned Sehilever developed for this purpose.® Table [T shows
the reandr of thus ealeulation, The 6-31G*//3-21G caleula.
noms ate onr best and yield o Hpog) = 3.2 keal,

[lie heat of formation obtaned by this methaod is ap-
propnate for the gas phase. Measurements are, however,
conunonly made i the solid phase  These quantities can
hwe telated] using the ad hore correlation we have previonsly
devised T The relatonship s shown in Equation |

Hper  113e Hpg) - 2303
N oML - 0987, SD = 4.4 keal,

quantities in keal

U aof Fopintion 1 with the 6.31G7 /73 216G Hpig)
Sihdea Hperof 26 7 keal, our preferred result

CALCULATED STRUCTURES AND ENER-
GIES FOR THE CONJUGATE BASES OF
NT'O

luersal cnlontntions were performed wath the 3 210
a . 1t ' peonieties were l‘lllllllll"l'l_\' n||||||||ll‘|| HERIIIA]]

TABLE I1. ATOM EQUIVALENTS AND

CALCULATED HEAT OF FORMATION OF NTO.

Atom Type
and
Number

J3-21G Equivalent 6-31G* Equivalent

041
2CHCHHCKH
INH)CO
Ny oHvCp

N COHOMO G
0. (N

(N

2HiIN

SUM
Cale F
Hyognn heal

Hyrer i kenl
from Foq |

-74.36505
2 - 37.66998)
2 -H4.17266)
4.13350
-04.097R0
-74.383R89
74.36000
N M.06322)

a6 1TTS]

AN

|

ST T

=37 SKIT L

2( - 5. A6RGD

S0 A4AN200
ahHOLT
Tl TORN
T VO64d
00 H66HIGH

Al 1

ol 6l

img the molecules to be planar Beenuae antns are Yt
deserihed with hiffiuse funetions, saitional calenlaton .

were alwo petformed wang the 6 316G 0 baean w1
TG geometty Fhe two et ol ealealations ate then o,
cenment v denotes] ws 30100 30O i 6 G

1epecrtively
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The structures aned enersies of the sl S ot

conjugare base of NT0) were abvinned ated are <o oo
Fiurure 2. Table [ -hows the cateadated rotu energies
for V-VII and the energy of [ for comparnson The cal
culated energies of V-VII show Vot be rhe most stable
form  The preference for Vi< pte suuni. however, ar ~he

0-31+-G/ 321G lovel.

The calculations agree wirh the recent erystal strae
ture of the ethylene diamme sat of NTO, which shows
deprotonation at the 4 poston. Table IV compares the
calculated structure of Vowirh that observed for the ethy
lene diamine salt of NTO. In general. considering the
possible effects of crystal snvironment and hnutanons of
the theory. the agreement i~ about as good as can he ex
pected, the maximum deviations bemg <0.044 and -0 033
A. The average unsigned error in bond length 1= 0.023 A,
which is typical for calculations at this level,

ELECTRQSTATIC MODELS FOR INTER-
MOLECULAR INTERACTIONS

As shown above, we can obtain reasonably aceurate
predictions for molecules the size of NTC. Another quan-
uty available from these calculations 1s the total molec-
ular electron density distribution. We helieve that this
information can be nsed to approximate the electrostatie
component of intermolecular interactions. Since aceurate
ab imtio ealculations are still ont of reack for systems in
cluding two or three or more woleenles the size of NTO,
we are exploring ways 1w whiel the information from a
high quality caleulation on s single molecule might be
1sed to improve empirical metheods for caleulating inter.
molecular mteractions among several, possibly up to g
dreds, of moleciles

We have previonsly devised ameans of apportioning
the tatal «lectron density 1o amoleculs nmong the con
situent atoms.”? The electione charge disteibation nssoer
ated with an atom in a molecule may then be desenibed
by n multipole expansion Colleeted together these ntom
centsred multipole expansions { ACME) deseribe the
total moleenlnr charge distobution o a conveent and
compact form  In addition, these ACME S can he used 1o
calenlnte electrostate mternctions between molecules '
Onee the ACME'S have heen obtuned, endenlntion of the
electrostatic energy can be done v quickly

(Othes worhers have <hown that electrostatee consl
etatians play a sgmiticant voe o deveranmng the total
energy of mternobendar meeracons Y Tl s been e
peandly well stadied i Lecdiowen Lol aatemes Wi

yo forned s that nebaetive aeenn vl ovetiag tepel

s ;_u-'.:‘:.\' !|.|E,'|“|‘|- e :upllht':'. r!;'- |".|'|":1--!.|!‘,|' erere
i

Slonobmnanns aned closely paindess the tooad eneray o g

LR S TSI RT Y

Despure the recognized importance Hf electrostanes
nderermiming wtertmolecnlar wmteractions, compurer pro
arit~ nsed ro calendire moleenlar ervstan stonetires el
Yher wnore tlas effect entirely or melude only very rong!
estimates for 1t The techmques we have develope ! nngiye
altmately be imeorporated mreo ervstal struetare caleuia-
vtons as ameans of nsing the information avulable from
molecular orbual caleulations, Such an appreach wondid
provide i means by which the effects of the moleenlar en-
vironment vipor constituent atom mighit he tiken o
aceonnr.

NTO readily reacrs with amine bases to produee
silts  The diaminoguanidinium salt of NTO has been
produced in this fashion at Los Alamos.'* X.ray strue-
ture analysis'? reveals that the diamimoguanidinium on
of this <alt appears in the A configuration indicated be
low: we denote this geometry as DAGA. Interestingly, X
1y structure analvsis of the diaminoguanidiniwn salt of
mitrie acid shows another form of the cation,'? indicated
as [, helow, which we denote DAGB.

l'— ..,\(...

NN
| |

e o |

A, Cp Symawwy

u.\ He

NN
A

? 4

B, C. Symmetry
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FIGURE 2. OPTIMIZED GEOMETRIES OBTAINED FROM 3-21G CALCULATIONS

TABLE [II. CALCULATED RELATIVE ENERGIES (IN AU) FOR NTO
[V AND ITS CONJUGATE BASES (V-VII) FROM TWO THEORETICAL

MODELS.
Muodel I v Vil Vi
J20G//3-21G 216.17789 215.61923 310.01514 515.60387

631G+//3.21G 518.86306 21333579 n18.33610 S1R32235

TABLE IV. COMPARISON OF CALUULATED BOND
LENGTHS IN V. AND THOSE OBSERVED IN THE
ETHYLENE DIAMINE SALT OF NTO

Bond Obhs ave ) Cale Faror
Cq O 1296, 1257, 126001 20 12310 0033
NN, P70, 1359, 13630006y LAans 004
N, O P304 130710307 01 306y 12497 0009
N, 1337, 1333, 13301 6y 1R8I0 000h
Ny Oy 1as6, LAa7 LS e a6y 137y o0y
Ny Ao Vaad, a2 ol gl w2 w04l
CoNO, T IE T T R i R 0014

N O Poos PG, D220 o 2y 1o i)
NGO LR R T S A B SR B A MR T B K AN IR T
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The results of moleenlar orbiral caleamions for bork
forrns of the diamunoguanndizzoam sen are ~enmenzeld o
Cabsie VY They JLow that DAGA, @ found u the NTO
~it. 15 Ingher 1 energy than DABG. as found in rthe m-
rie aend sait. The question to be answered then 1s why
does the rorjugate base of NTO selectively Tand DAGA
wien atorher fower energy fonm s ivlable”

Tovinswer thas question ACME' - were obtained for
Phe conmgare Lise of NTO and borh fors of the d;
arunogiantdinem cation The eleetrostatne energy of
wreraction of the amon wirth DAGA and DAGD was rlien
cialenlated for different geomerries. The genietries of e
anton atd caton fragments were Axed st rhose fonad m
*he arnginad MO ecaleulations Tnrermuolecslig distagees

TABLE V, OPTIMIZED GEOMETRICAL PARAMETERS AND
ENERGIES FOR THE A AND B FORMS OF DIAMINOGUANIDIT M
[ON. SEE TEXT

— A
321G

6-31G*

— B
321G

6-31G*

Eioit aui -312.78369

E,,nkmd) 0.0 00
RiCy N 1.304 1.307
R(C,-Ny) 1.334 1.331
R(C,-Ny) " -
RiN4y-Ng) 1.421 1 386

R‘:\'| .\'q)

R(N;-H:) 1.001 0.997

RlN_I'HI}

RiN,-Hy» 1.000 0,998

RiNg-Hyo

Ri(Nsy-H ) 1 005 1001

314 51730

-312.78526 -314.51830

-1.0 -0.6
1.316 1.317
1.322 1.321
1.333 1331
1.421 1.388
1.422 1.387
0.998 0.995
1.003 0.998
1002 0 999
1.000 0.998
1.006 1.001

awd angles were vanied however to optinuze the electro-
~tanie interactions. The complexes were prevented {rom
collap~ing by surrounding each atom with a haed sphere,
the diameter of whych was 1aken from Bondi. '

Fignre 3 shows the mimmum energy configurations
foundd for NTO/DAGA and NTO/DAGB. Many other
snetiures were investigated, but these are the lowest en
ergy forms fomnd. The two structures are very simnlar in
thenr hydrogen: bonding interactions with two N-H moi
vties of DAG directed toward the earbonyl oxygen and
Lo b nitrogen of NTQO. These two atoms are the most
inghls neganvely charged of NTO and present the most
fvotable sites for hydrogen bonding, In both chses, the
DAG molecnles are skewed rownrd the oxygen of the mtio
cronp which s also highly negatively charged Both com
poeves were found o he planar, although they were not

The NTO.DAGA compley was fonnd to he 34 keal
sinl taore - table thom the NTOLUDAGH complex The

' NH; nitrogen of DAG is found to be more uegatvely
charged than the C-NH-NH,; mtrogens, and should rhere
fore form a weaker hiydrogen bond. This appears to be
the major reason that DAGA interncts more strongly
with NTO than DAGB. A compnnson hetween our eal
enlated strueture for the NTO/DAGA complex and the
nsvmmeiric unit deterimined by Xoray erystallography

1s shown in Figure 4. The electrostatic model 1s seen to
teproduce tiie observed structure at least qualitatively.
Sinee the difference in enetgy hetween the rwo complexes
1~ larger that the difference 1 enegy of the isolated mole
eules. as shown m Table V0 1 the electrostatie energy
which seleetively allows the coupugnte hise of NTO )

hand DAGA
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FIGURE 3. LOWEST ELECTROSTATIC ENERGY FORMS FOR NTO/DAGA (A) AND
NTO/DAGB (B) ANION-CATION PAIRS.
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B =~ 3.051
S~

3.447

A

2.889
~h

3.333

o~

I-:IQURE 4. COMPARISON OF SOME INTERMOLECULAR DISTANCES FOR THE CAL-
CULATED NTO/DAGA PAIR (A) AND THOSE FOUND EXPERIMENTALLY FOR THE
ASYMMETRIC UNIT OF THE DIAMINOGUANIDINIUM SALT OF NTO (D).
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CONCLUSIONS

We have demonstrated rhat MO calculations prosde

useful informauion about the structure, energy. and reac-
uvity of NTO. Many of these calenlations were performed
before the corresponding experiments were performed. in-
dicating rhat reliable predictions can be made. provided
that the molecule is not <o large as ro preclude rhe use of
large basis sets and other means for performing accurate

calculations.
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